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This is a study of the behavior of t h e  outer  r a d i a t i o n  b e l t  alongside 
with the  cases of anomalous abeorption of cosmic radionoise  i n  the zone of 
polar aurorae i n  time of the magnetic storms of 12 - 14 and 20 - 21 February 
1964 . 
cases of  anomalous cosmic radionoise absorption with the  var ious  phases of 
the magnetic storms, allowing t o  d r a w  a ser ies  of ~ 0 n ~ 1 u s i o n s .  

Co~parieon is made between the behavior of the outer  b e l t  and the  

The behavior of e l ec t rons  of var ious energ ies  in the outer  r ad ia t ion  
b e l t  during geomagnetic storms has been s tudied  in many works. However, in 
t he  course of i nves t iga t ions  the %-index w a s  genera l ly  taken f o r  gaging 
the  disturbance of the Earth's magnetic f i e l d .  It WBB found t h a t  as Kprises, 
both the  number of poured out  and of trapped e l ec t rons  w i t h  E, >4Okev 111 
increase.  It was found in [2] 

in the b e l t  increases  simultaneoasly w i t h  t he  increase  of I$,; e lec t ron  f luxes  
with 
anee. A d i r e c t  attempt is made in the  present  work t o  compare e l ec t ron  f luxes  
of various energ ies  with the  d i f f e ren t  phases of t he  storms. 

t h a t  t h e  number of e lec t ron8  w i t h  E, > 40 kev 

E, > 1.6Hev increase  after a few day6 following the  magnetic dis turb-  
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BEHAVIOR OF RADIATION BELTS 

AES Electron-1 and Electron-2 provided the  most complete data 

concerning the storms of 1 2 - 1 4  
t i v e l y  weak storms w i t h  SC. That of 12-14 February is  i n  the  sequence of 
r ecu r ren t  storms. Despite t h e  fact  t h a t  by the  amplitude of the main phase 
t h e  storms were near ly  i d e n t i c a l ,  the behavior of the outer  r a d i a t i o n  b e l t  

w a s  d i f f e r e n t  . 
During da ta  processing, ca in ly  the counter readings (BF-1) of brem- 

mstrahlung y -quan ta  and G e i g e r  counter STS-5 (BS-1) were u t i l i z e d ;  they 
had r e spec t ive ly  the sh ie ld ings  of 1 g/cm2 A 1  ( N A l  7 g/cm2, area 4.7 cm2) 
and 2.3 g/cm2 A 1  of area 4.3 cm2,for these de t ec to r s  operated continuously. 
The counters  BF-1 and BC-1 r eg i s t e red  by bremmstrahlung r e spec t ive ly  e l ec t rons  
w i t h  E e 7 1 0 0  kev and Ee > 150 kev. U t i l i t e d  a l s o  were the  detector6 HC-0 and 
"-0, which allowed t o  measure on L>3.5 t he  e l ec t ron  energy l i b e r a t i o n  i n  
CsI c r y s t a l s  0.15 mm and 3 mm respect ively,  w i t h  sh i e ld ing  of 2 mg/cm 
Only e l ec t rons  with E, >40  kev could penet ra te  through such a shielding.  
The data obtained w i t h  t h e  a id  of the c r y s t a l  3 mm thick were reduced t o  
c r y s t a l  thickness  of 0.15 mm taking i n t o  account t he  spectrum of e lectrons,  
The change8 i n  r a d i a t i o n  be l t s  were compared with Dsrvar ia t ions  of t he  
E a r t h ' s  magnetic f i e ld .  

and  2 0 - 2 1  February 1964, These were rela- 

2 Al. 

According t o  da t a  of Electron-1, p r i o r  t o  the  SC of the  storm, on 
1 1 - 1 2  February, the boundary of the ou te r  r a d i a t i o n  b e l t  on the n ight  s i d e  wa8 
on L e  6.5 + 7; aucording t o  data  of Electron-2, i t  w a s  on L =  7.4, the  

case of ll February corresponds.to amagnetoqtiiet dag, On t h a t  day type-Pc 
o s c i l l a t i o n s  with period - 40 sec were observed [3], which corresponds t o  
a q u i e t  state of the  magnetoephere. After stoam with  SC, during the  first 

phase, a flux of e lec t rons  N M  1.5 si0 cm-2 sec'l kev'l w i t h  E, = 1 kev 
w a s  observed at  a dis tance - 1 0 R ~  (geomagnetic l a t i t u d e  'PW5O0, t e  4.5 h. 

LT) from 0818 t o  09 18 hours UT C41. T h i s  region is  fa r  beyond the  E a r t h ' s  
r a d i a t i o n  b e l t s  and the  emergence of e l ec t rons  i s  apparently l inked  with the 

storm. The magnetic f i e l d  was bn the increase  during the first phase of the 
storm at  g rea t  dis tanaee - 10 % C53. 

a 
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The behavior of the  b e l t  during the magnetic storm of 1 2 - 1 4  Feb- 
rua ry  is shown i n  Fig, 1. In the  
upper p a r t  of the  f igu re  the  posi-  
t i o n  of b e l t ' s  ou ter  boundary is 
shown alongside with its maximum 
according t o  da t a  from Electron-1 

Fig, 1 

(do t s  with e r r o r s )  and Electron-2 ( c i r c l e s )  at  0000 hours LT. The flux 
of e lec t rons ,  detected on the  s i d e  of the  Earth beyond the  b e l t s  by Electron-1 
is indica ted  by dashes with le t te rs  lF ( i r r e g u l a r  f lux) .  The BC-1 count a t  
belt maximum (do t s -  Electron-1, c i r c l e s -  Electron-2) is given below, with 
t h e  s c a l e  for these da t a  at l e f t .  The clear and dark t r i a n g l e s  are r e spec t i -  
vely the HC-0 and HF-0 readings, with the scale a t  r i g h t .  S t i l l  f u r t h e r  down 
t he  D,t-variation is shown ( the  arrow ind ica t ing  the  SC at 0605 hours UT), 
toge ther  with the  %-index. 

A f t e r  the  first phase of the s tom ( - l2 30 hUT on 12 Feb. ) t he  in ten-  

Fig. 2 

6 i t y  of e lec t ron6  dropped somewhat, the  b e l t  boundary on Elec t ron- lwas  f ixed  
on L = 5.5 + 5.8, and on Electron-2 on L I 5.9. This may be explained by 
magnetosphere contract ion,  The period of Pc o s c i l l a t i o n s  wae of - 2 0 6 e c  [3]. 
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Subsequently, when the  boundary of the  b e l t  s h i f t e d  t o  L=5, the  period 
of type-Pc o s c i l l a t i o n s  decreased t o  1 6  sec C31. 
t o  0300 hours on 13 February the  i n t e n s i t y  of e lec t rons  w i t h  E e 7  150kev 

at b e l t  max imrun  d id  not p rac t ioa l ly  change. As the main phase of the  storm 
developed, the i n t e n s i t y  i n  the  b e l t  maximum began t o  drop, and then increase.  

The r i se  of e l ec t ron  fluxes with E, > 40kev takes place s u b s t a n t i a l l y  faster 
than t h a t  of e l ec t rons  wi th  E, > 15Okev. Unfortunately, d a t a  from Elec t ron  
-1 corresponding t o  the hours 0900 on the  13th  t o  1500 on the 14th  are 
laofring; however, da t a  from Electron-2 show tha t  during the  main phase of 
the  storm no s i g n i f i c a n t  drop in e lec t ron  i n t e n s i t y  w a s  observed. Fluxes of 

From 1500hours  on 12 Feb. 

e l e c t r o n s  with E, > 1OOkev 
were observed beyond the  radia- 

t i o n  b e l t s  on Electron-l  and -2 

from the morning and night  s i d e  
of the  Earth. We ca l l  these fluxes 
irregular, f o r  they apparently 
e x i s t  only during a brief time, o f  

LUU order of eeve ra l  hoiws. At t h e  

end of t he  regenerat ion phase i t  
w a s  found tha t  t he  i n t e n s i t y  of elec- 
t rons  in t he  b e l t  m a x i m u m  exceeded 
the  level p r i o r  t o  storm. The varia- 
t i o n  of  b e l t  boundary pos i t ion  
be l i nked  with t h e  magnetic dis turb-  
ancecp observed at t h a t  time in the  
aurora zone c53. Plo t t ed  i n  Figs 2 

and 3 a r e  the BF-1 da ta  for the  
successive f l ights of Electron-1 
and Electron-2 through the  outer  b e l t  
during the  storm of 12- 14 Feb.1964. 

I t  - 

may 

The parameter L and the UT for each convolution are p l o t t e d  i n  abscissa .  
The numbers in the  c i r c l e s  correspond t o  those of the convolution. The 
numerals at s t rokes  ehow on each f igure the  l o c a l  time at  i n t e r s e c t i o n  of 
the 5eqmdery ef the belt. The i r r e g u l a r  f l u x  is shown on t he  117th convolu- 
t i o n  in Fig. 2 and  on the 15th  in Fig. 3. Operational p r ior  and a 5 t e r  the 



etorm waa the  device measuring f l u x e s  of e l ec t rons  of various energies. 
It w a s  found t h a t  the spectrum of e lectrons is p r a c t i c a l l y  invar iab le ;  the 
BC-1 and "-0 readings a r e  evidence of the  same. Proton f luxes  w i t h  energy 
Ep > l M e v  were also measured daring the  storm on Electron-1. No e lec t ron  
flux w a s  observed on L & 5 with a precis ion t o  the f au to r  of two var ia t ions .  
Observed on L > 5  were f luc tua t ing  f luxes  of protons with E p > l  MeV and of 
magnitude t o  1$ cm'*sec'l. The fluxes of protons were mainly observed from 
the Ear th ' s  morning s ide.  On L > 5 the  proton flax w i t h  energy Ep > 2  MeV 
cons t i t u t ed  l e s s  than 1 0  cmg2secn1. 

STORE1 OF 20-21 FEBRUARY 1964 

The da ta  on r a d i a t i o n  b e l t 8  according t o  t h a t  s torm were mainly 
obhained with the a i d  of Electron-1. 
Prior t o  storm, the boundary of the 
outer  b e l t  w a s  on 1 9 - 2 0  February OR 

. L P 6 + 6.5. The type-Pc o s c i l l a t i o n  
period cons t i tu ted  4 5 0  sec  c31. The 
19 February was the  most magnetoquiet 
day for the  e n t i r e  month. At grea t  
d i s tances  from the  Earth the d i s t inc -  
t i o n  between the geomagnetic and the 
dipole  f i e l d  was minimum C6J. A f lux 

8 of e lec t rone  I- 2 0 10 cm-2eec-1 
kevol with E, .DI 200 ev C43 W ~ S  

detected on 19 February near apogee 
at - 10 ( 'Q W 600) by Electron-2. 
The behavior of t h e  b e l t  during the 

Fig .  4 

storm o f  20- 2 1  February 1964 ia shown i n  Fig. 4, where the denotations a r e  
the same ae i n  Fig. 1. Upon the SC of t he  s to rm of 20 February, at 11 37 h. UT, 
during the  f i r s t  phase of the storm, the  boundary of the b e l t  was r eg i s t e red  
on L o 5 and the type-Pc o s c i l l a t i o n  period cons t i t u t ed  14sec  c31. An in- 
crease of the  magnetic f i e l d  a t  "'10% w a s  noted on Electron-2 L61. A l l  
t h i e  suggest magnetosphere aootraction. As i n  the ca8e of the  12- 14 February 
storm, there  appeared during t h e  first phaeo at grea t  distaiieee irrii; Ea-th 

low energy e l ec t rons  (R r~ 1 1 R ~ ,  'Q y!j60, r e g i s t r a t i o n  time 12 56- 1500 h. UT) 



6 .  

I!? (200 ev) - 2 . lo9 cm'2sec'1kev'1) L41. Simultaneously with boundary d i s -  

placement t h e r e  takes place a p a r t i c l e  f lux i n t e n s i t y  drop at b e l t  maximum. 

A t  1500 h t h e  DBt-variation on Earth vanished near ly  completely; however, on 
Electron-2 t h e  magnetic f i e l d  still  uontinued t o  r i se  C6].Apparently, a r i n g  
cu r ren t  began t o  develop at t h a t  t h e ,  Heanwhile, from 1453 t o  1746 h there 

took place the greatest BC-1 count decrease. Comparison with the parameter of 
HC-0 shows t h a t  t h e  BC-1 count decrease by about one h a l f  is explained by t h e  
so f t en ing  of t h e  spectrum. By 2040 hours the  D,t-variation continued t o  be 

s m a l l .  A t  t h a t  time the  magnetic f i e l d  at the  he ight  of l 0 R ~  decreased a lso  

C61, the  ' ionosgheric dis turbances subsided (see below) and the type-P - o s c i l -  
l a t i o n  per iod increased at 20 00 hrs.  (See [3]). The boundary of r a d i a t i o n  
b e l t s  s h i f t e d  at  t h a t  time f rom L- 4.5 t o  L = u  5.5. This  w a s  apparently 
l inked wi th  pressure deerease of t he  s o l a r  corpuscular strean on t he  magneto- 
sphere of t h e  Earth. A t  r a d i a t i o n  b e l t  plaximum the BC-1 count dropped ins ign i -  
f i c a n t l y ,  bu t  a great number of e lec t rons  with energ ies  40- 100 kev emerged. 
During the  development of t he  main phase the BC-1 count decreased again and 
so d i d  t h e  energy l i b e r a t i o n  in the  HC-O apparatus. The boundary of the  b e l t  

then s h i f t e d  t o  L E  4.5. During the  regenerat ion phase the  number of elec-  
t r o n s  w i t h  E,- 40 3- 100 kev increased rap id ly ,  w h i l e  the  counting ra te  of 
BC-1 counter rose  e i g a i f i c a n t l y  slower i n  the  b e l t  maximum, According t o  BC-1 
data the  i n t e n s i t y  i n  b e l t  maximum held the same l e v e l  through 24 February 
as at  t h e  end of 21 Februarg, During the regenerat ion phase at  0250  hours 
a f lux  of e lec t rons  w a s  observed beyond the boundary of the r a d i a t i o n  bel t .  

Data f o r  subsequent f l i g h t s  of E l e c t r o n 4  through the r a d i a t i o n  b e l t  
during t h e  storm of 20-  21 February 1964 ais p l o t t e d  in P i g . 5  Caext page]. 
The denotat ions are t h e  same as in Figures 2 and 3. During t h a t  storm proton 
fluxes with Ep 7 1  Met were measured. On L Q 4 no v a r i a t i o n s  of proton fluxes 
were detected with a p m c i s i o n  t o  the f a c t o r  of 2. On L >4 the proton flux 
decreased s ign i f i can t ly .  This  may be explained by proton b e l t  boundary approaching 

t h e  Earth during s o l a r  wind flow pas t  the  magnetosphere. The s a t e l l i t e  da t a  do 
not provide t h e  p o s s i b i l i t y  t o  study the  leak ing  electrons.  Informa t i o n  on them 
may be obtained by s tudying the ionosphere absorpt ion of cosmic radionoise. 
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Form of observation 

Riometer. 30 Mc 
Riometer, 32 Me 
Riometer, 32 Ma 
Magnetograph 
Riometer , 32 Mc 

EIJXTRON- 1 

.- 
9.6 
7.1 
5.6 
5.6 

Fig. 5 
* t *  

IONOSPHERIC AaSORPTION Qlp COSMIC RADIONOISE 
IN THE AURORA ZONE 

In  order t o  study t h e  absorption of cosmic radionoise  i n  the aurora 
zone we u t i l i z e d  the  da ta  of 10 s t a t i o n s  (Table 1 ) .  

h g n e t o g r a  h 
Riometer 33 Mc 
Riometer, 32 Mc 
Riometer, 32 Me 
Magnetopa h 
Riometer, $0 Me 

T A B L E  1 

S t a t i o n  

Thule C73 
SP -10 

Chelyuskin 
c.DeslI.8 
Dixon 
T i k s i  
College C73 
Anderma 
Hurmansk 

Geographic 
coordinates 

ss P 

77O3 
88 
80.6 
77.7 
77 

71.6 
64.5 
69.8 
69 

x 
ig.1 w 
125 E 
53 E 

140.3E 
68.5B 
80 E 

129 E 
147.5 W 
61.7 E 
33 E 5.6 I RFometerc-32 Mc 
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For the  period of i n t e r e s t  t o  us no cases  of anomalous radionoise  
absorpt ion were noted at the s t a t i o n s  SP-10 and Thale, whereas i n  the re- 
maining s t a t i o n s  of the  aurora sone, a s e r i e s  of such cases  were observed. 
(For b r e v i t y  we s h a l l  subsequently denote the anomalous absorption of radio-  
noise  by AZAC f o r  au ro ra l  sone absorptionJ.>.We s h a l l  consider the  cases of 
simultaneous appearance of AZA a t  seve ra l  s t a t ions .  

Data on AZA f o r  the  per iod 12- 14 February a r e  p l o t t e d  i n  Fig. 6. 

f364 . 
Fig, 6 

AZA a r e  represented by black rectanglee,  while the  c l e a r  ones ind ica t e  the  

bays4 dashes s tand  f o r  the  absence of da t a  axid the  black t r i a n g l e s  point  t o  
l o c a l  midnight. The f i r &  "flaret1 of AZA w a s  observed during the f i r s t  phase 
of t h e  storm a t  s t a t i o n s  s i t u a t e d  on the  daytime s i d e  of the  Earth (0600 - 
1 0 0 0 h r s  UT). This  may be connected with the magnetosphere boundary drawing 
nearer the  Earth.  It is clear from the general  th inking  t h a t  leakage of par- 
t i c l e s  should then take place. A t  the same t h e ,  the  e f f e c t  near t he  b e l t ' s  
boundary must be st ronger  than i n  the region of the  b e l t  maximum. 

of t h e  storm on various L. It may be seen t h a t  from ~ ~ 5 . 6  t o  L== 9.6 the  
amplitude of AZA i a ~ r e a e o ~ , f r o m  l d b  t o  

Plo t t ed  in Fig.7 is the amplitude of MA during the  first phase 

3.5 db, *ea t he  value of U P  deereasgl 
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which may be l inked  with the  depletion of p a r t i c l e  reserve  on L=14 by 
comparison with the  inner  she.ll8. Between 1000 hours on February 12 and 
through t h e  development of the main phase of the  storm no such s t rong  AZA 

"flares's exis ted.  It is  i n t e r e s t i n g  t o  note t h a t ,  according t o  d a t a  of 
Electron-2, when e i t h e r  AZA o r  magnetic bays were observed, an increase  of 
the  magnetic f i e l d  w a s  noted a t  the  he ight  of - l O R E  C6]. A6 t he  mainephase 
of the storm developed, AZA w a s  noted a t  near ly  a l l  the  s t a t i o n s  of t he  auro- 

ra  tone. But then no such clear  dependence i f  t h e  AZA on L w a s  present 
( s ee  Fig.8 he rea f t e r ,  showing AZA at  - 0200 hours on the  13 th  by dots ,  
a b 0 7  00 hours on the  1 3 t h  by c i r c l e s  and on 20 February 1964 at N 2300 h r s  
by t r i ang lee ) .  

I .  i 

2 $;I,;,;,,; a , , , , ,  1 
A 

0 
f a .  

I 
4 o a L  w n. M '4 E 6 10 11 141 

Fig. 7 Fig. 8 

S t r i k i n g  also is the  f a c t  t h a t  AZA i s  most o f t en  at tended by magne- 
t i c  bays. Data on AZA f o r  the period 20 - 21 February are p l o t t e d  i n  Fig. 9 
(same denotat ions as i n  Fig. 6 ) .  
phase of the storm. The s t a t i o n s  were s i t u a t e d  on the  night  s i d e  of the  
Earth;  however, at t h a t  time, and a t  separa te  s t a t i o n s ,  magnetic bays were 
observed. A t  a number of s t a t i o n s  AZA w a s  observed in the  region 15 -20 00 

hours.An AZA "flare" w a s  observed a t  time of development of t he  main phase. 

No AZA was observed i n  time of the first 

DfSCUSSION OF RESULTS 

Comparing the  behavior of r ad ia t ion  b e l t s  with AZA, the  following 
conclusions ean be derived. During the p r i n c i p a l  phase of t he  storm a leak- 
age of e l ec t rons  from r a d i a t i o n  belts takes place on t h e  daytime s i d e  of the 
Earth,  The e l e c t r o n  i n t e n s i t y  decrease i n  the  b e l t  maximum and on higher L 
is evidence of t h a t .  Estimates show t h a t  during the  m a i n  phase of the  storm 
LI. opwr*rlar (mir-ror) peinte nf electrnnn e4 the ou te r  r a d i a t i o n  b e l t  may des* 
oend by s e v e r a l  hundred kilometere Cg]. In the  p a r t  of t he  storm (between the  
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first and t h e  main phases),  when Dst- 0, 
however, t h e  are attended i n  t h e  region of r a d i a t i o n  b e l t s  by d i f f e r e n t  
effects,  During the storm of 3.2 - 14 Feb.no s i g n i f i c a n t  v a r i a t i o n s  have 
taken p lace  in the  be l t .  

the  AZA may be observed; 

I I I I ' 1 1 1 I I ' 5  I ' I "  1 

F i g .  9 

On 20 February, during the same t i m e  period, t he  spectrum of e lec-  
t r o n s  became s i g n i f i c a n t l y  s o f t e r :  from - 15 00 hour6 t o  18 00 hours a sharp 

drop in BC-1 o p u t  by comparison with t h a t  of BC-Owas noted, then from 
d18 00 t o  2100hours  , there  ifas a @op i n  the  3 C - 1  count while t h a t  of 

HC-0 inoreased. 
was a sharp  h u r e a s e  i n  t h e  period of type-Pc osc i l l a t ions .  This  is the  
only t h i n g  by which t h i s  time i n t e r v a l  d i f f e r s  from the  same one during the  
preceding storm. During the  development of the main 
the re  are observed AZA tfflarestt encompassing the regions - 180° i n  longi-  
tude and 10' in l a t i t ude .  Simultaneously, t he re  takes  place an i n t e n s i t y  
drop of e lec t ron8  w i t h  E e 7  150 kev; however, e l ec t rons  with E, )'to kev 
behave less spec i f i ca l ly .  In the  regenerat ion phase, t he  number of e l ec t rons  
w i t h  E e > 4 0  kev increased during a time 

t h e  number of e lec t rons  with E, > 150 kev is  much slower. 

According t o  data f ro= c;?, from 18 $0 t o  20 00 hours the re  

phase of the storm 

3 hours, while the  increase  of 

Moreover, from the  comparison of d a t a  on AZA and r a d i a t i o n  b e l t s  
i t  may be seen t h a t  at  times AZA is attended by i n t e n s i t y  decrease i n  the  
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b e l t  (apparently p a r t i c l e  leakage from the  b e l t  t akes  place); at  times no 
variations of any kind take place i n  the b e l t ,  o r  the  number of p a r t i c l e s  
even increaees. Apparently, short-l ived acce lera t ion  mechanisms may be ac t ing  
i n  the be l t ,  which would both, induce leakage and a l s o  b e l t  replenishing. 
Unfortunately, data on the  AXA about the whole E a r t h  and on L 6 4 
abeent . are  
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OTHER ChlvTERS 
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